Introduction
============

The worldwide prevalence of hypertension (HTN) was estimated at 26.4% in 2000, and the projected number of adults who will have HTN by 2025 is 1.56 billion.[@suaa045-B1] Mortality due to HTN accounts for 20%--50% of all deaths.[@suaa045-B2] The highest prevalence of HTN has been reported in Africa, and approximately 80% of deaths in low-middle income countries are due to cardiovascular disease (CVD), the most common complication of HTN.[@suaa045-B3]^,^[@suaa045-B4] High blood pressure (BP) is caused by behavioural risk factors including obesity resulting from unhealthy food intake and insufficient physical activity, and excessive alcohol consumption.[@suaa045-B5] Sudan has witnessed a rapid rise in the prevalence of HTN during the past few years as a result of behavioural changes and associated risk factors, due to rapid urbanization. It has the second-highest prevalence of HTN in North Africa, with one in four people with a non-communicable disease having HTN.[@suaa045-B6]

The nationwide screening survey 'May Month Measurement' (MMM) is conducted worldwide by the International Society of Hypertension (ISH). In Sudan, the Sudanese Society of Hypertension, which falls under the umbrella of ISH, was responsible for conducting the survey in 2017 and 2018. Sudan lacks screening programs. The MMM screening survey provides a good chance to investigate the relationship between specific risk factors and BP levels among the Sudanese population. Large numbers of the Sudanese population can be screened regularly and educated about HTN in order to set preventive measures and control the disease.[@suaa045-B7] In 2018, the collaborators included the National Health Insurance Fund, Sudan Federal and State Ministries of Health in Sudan, the World Health Organization, Medical and Nursing Faculties, pharmaceutical companies, and Sudanese non-governmental organizations.

Objectives
==========

To raise awareness of raised BP and to determine BP levels and associated risk factors among the Sudanese population.

Methods
=======

This cross-sectional, community-based study was conducted in May--August 2018 in six Sudanese states: Khartoum, Gezira, Blue Nile, Port Sudan, Northern Darfur, and Kurdofan. A total of 850 volunteers trained by experts collected data. Sites included public indoor and outdoor areas, institutes, and service facilities. Volunteers were medical students and graduates, and supervised by medical staff from the participated Sudanese faculties of medicine and nursing sciences. A questionnaire was employed, and electronic BP devices (Omron) were used to measure BP. Ethical clearance was obtained from relevant Committees. Three BP readings were taken for each participant while sitting.[@suaa045-B8] Hypertension was defined as a systolic blood pressure (SBP) ≥140 mmHg or a diastolic blood pressure (DBP) ≥90 mmHg based on the mean of the second and third measurements, or in those on antihypertensive medication. Multiple imputations based on the global data[@suaa045-B9] were used to estimate the mean reading where either of the second or third measurement was unrecorded. Data were entered onto spreadsheets, and analysis was performed centrally by the MMM project team.

Results
=======

Of the 40 779 participants enrolled in the survey, 47.3% were females. A total of 53.2% were of unknown ethnicity, 27.5% were of mixed race, and 8.8% were black. The mean age was 31.7 ± 14.4 years, and the overall mean body mass index (BMI) was 24.5 ± 5.0 kg/m^2^. The age and sex standardized mean for systolic BP was 121 mmHg and for diastolic BP was 80 mmHg. Among all participants, only 27.4% had ever had their BP recorded in the past.

Of 40 779 participants, 2570 (6.3%) reported a history of diabetes, 844 (2.1%) myocardial infarction, and 478 (1.2%) previous stroke. Of all participants, 7701 (18.9%) were overweight or obese, although there were 28.7% with unknown BMI. A total of 4157 (10.2%) respondents reported smoking, and only 55 (0.1%) reported the use of alcohol 1--3 times per month and 40 (0.1%) once or more per week. Among female participants, 405 (2.1%) were pregnant.

Out of 40 779 participants, a total of 11 497 (28.2%) were diagnosed with HTN, of whom 2375 (20.7%) were aware of their condition and 2088 (18.2%) were on medication, of whom, 1139 (54.6%) had controlled BP. Of all hypertensive participants, 9.9% were controlled. Of the 38 691 participants not taking antihypertensive medication, 9409 (24.3%) had a raised BP.

Based on linear regression models after adjustment for age and sex, both SBP and DBP were significantly higher in those receiving antihypertensive treatment, those fasting and those who were overweight or obese (vs. those of a healthy weight). Higher SBP was recorded among those who were smokers, those with a history of stroke and with alcohol use of once or more per week. Higher DBP was recorded among those with diabetes and a history of myocardial infarction (*Figure [1](#suaa045-F1){ref-type="fig"}*). Measurement of BP using the left arm was associated with lower SBP and DBP. Conversely, Higher SBP and DBP were recorded during Fridays and Saturdays (vs. Mondays) and when BP was recorded in public areas (vs. hospitals/clinics).

![Difference in mean blood pressure in those with each characteristic compared to those without from linear regression models adjusted for age, sex, and antihypertensive medication (antihypertensive medication adjusted for age and sex alone).](suaa045f1){#suaa045-F1}

Discussion
==========

Sudan has witnessed a rapid rise in the prevalence of HTN during the past few years due to urbanization and changing lifestyles.[@suaa045-B8]^,^[@suaa045-B10]

The current study indicated a high rate of HTN (28.2%) and a low level of awareness about the disease (only a fifth of the hypertensive population), reflected in the low proportion of hypertensive participants receiving treatment (18.2%). In a cohort study conducted between (2011--12), much lower levels of awareness were reported in sub-Saharan African countries (Uganda, South Africa, Tanzania, and Nigeria), where only half of the population was aware of HTN and its consequences.[@suaa045-B11]^,^[@suaa045-B12] Awareness is important for the purpose of lifestyle modification and compliance to treatment.[@suaa045-B14]

Among the studied states, normal BP levels were evident only among a small proportion of the population.

Compared to MMM 2017, this study showed higher rates of HTN among participants who were not on treatment (24.3% vs. 15.9%) and slightly higher rates of uncontrolled BP among those who were on treatment (45.4% vs. 41.3%). These groups of the population, with untreated HTN and with poor control, are more likely to proceed to develop complications of HTN and ultimate disability or death.

Everyday life in Sudan is tough for both genders; males may have other additional risk factors that cause them to have higher BP values. At weekends (Fridays and Saturdays), higher levels of BP were noticed. Obesity, smoking, and diabetes were also among the identified risk factors for HTN among the Sudanese screenees. Participants with a history of stroke, elevated BMI, diabetes, or history of previous myocardial infarction had findings consistent with previous epidemiological studies.

This study has highlighted the large proportion of Sudanese people with increased BP levels which are due to several known risk factors; other hidden factors need to be investigated in the near future. Further action should be taken by all stakeholders.
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